[SCN] was detected. The density and viscosity correlations for these systems have been made using an empirical second-order polynomial and by the Vogel-Fulcher-Tammann equation, respectively. The concentration dependences have been described by polynomials. The excess molar volumes and deviations in viscosity have been calculated from the experimental values and were correlated by Redlich-Kister polynomial expansions. The variations of these parameters, with compositions of the mixtures and temperature, have been discussed in terms of molecular interactions. A qualitative analysis of the trend of properties with composition and temperature was performed. Further, the excess partial molar volumes, V E 1 and V E 2 , were calculated and discussed. The isobaric expansivities (coefficient of thermal expansion), α, and the excess isobaric expansivities, α E , were determined for four ILs and their mixtures with water. The results indicate that the interactions of thiocyanate ILs with water is not as strong as with alcohols, which is shown by the positive/slightly negative excess molar volumes in these binary systems.
Introduction
Ionic liquids (ILs) are a new class of non-molecular ionic compounds with interesting properties. ILs are usually composed of bulky and asymmetric nitrogen or phosphorus, or imidazolium, or pyridinium, or pyrrolidinium, or piperidinium containing cations paired with organic or inorganic counter anions. These compounds possess many advantages over traditional organic solvents due to their negligible vapor pressure, wide liquid ranges, tunable viscosities and often very high thermal stability [1] [2] [3] . Although thermodynamic studies on binary mixtures of thiocyanate-based ILs with various solvents are available in the literature [4] [5] [6] [7] [8] [9] [10] [11] , there are few reported densities, viscosities, or surface tensions for the binary mixtures of thiocyanate based ILs with alcohols [12] [13] [14] [15] [16] or water [17] . For ILs the relationship between volume, viscosity and temperature is one of the most fundamental and useful from both a theoretical and practical standpoint. These data are important for efficient design of chemical products and processes. Generally, a mixtures of water and a water-miscible IL might provide attractive alternative solvents for organic compounds.
Recently, a study of solutions of 1-ethyl-3-methylimidazolium thiocyanate, [EMIM]- [SCN] , with water has been presented by our laboratory [9] . The excess molar volumes, V [12] , or (1-butanol, 1-pentanol, 1-hexanol) [13] , or (1-heptanol, 1-octanol, 1-nonanol, and 1-decanol)} [14] . Less negative excess molar volumes were obtained by lengthening of the alkyl chain of the alcohol.
The density and viscosity are affected by the nature of anion, cation, and substituents on the cation and anion of the imidazolium-based ionic liquids. Longer alkyl chains on the cation and/or anion usually gave rise to lower densities [16, 18] .
Thus we report here measurements of the density and viscosity of four mixtures with water at various temperatures in range (298.15-348.15) K and ambient pressure for ILs with the same anion and the same substituents (butyl-and methyl-) on the different cations: imidazolium, pyridinium, pyrrolidinium and piperidinium. The temperature dependences of both properties are analyzed and correlated. Excess molar volumes and viscosity deviations, calculated from the experimental points, are also correlated. This information may be important for new separation technologies.
Experimental procedures and results for pure compounds and binary systems of IL with water have been tabulated in detail and then briefly discussed and interpreted below. Thus, the characteristics investigated here includes the effect of the structure (ring) of the cation on density and viscosity as a function of temperature and composition. Table 1 . The ionic liquids were further purified by subjecting them to a very low pressure of about 5 × 10 −3 Pa at about 300 K for approximately 10 hours. This procedure removed any volatile chemicals and water from the ionic liquid. Doubly distilled and degassed water was used in the volumetric measurements. Basic properties of the ionic liquids are listed in Table 2 . 
Water Content
The water content of the pure ILs was determined by Karl-Fisher titration (method TitroLine KF) before mixing with water. Samples of ILs were dissolved in methanol and titrated with steps of 2.5 µL. The analysis showed that the water contents in the ILs were <210 ppm.
Density Measurements
The densities of all pure ILs and water as well as their binary mixtures were measured using an Anton Paar GmbH 4500 vibrating-tube densimeter (Graz, Austria), thermostated at the different temperatures. Two integrated Pt 100 platinum thermometers provided good precision in temperature control internally (T ± 0.01 K). The densimeter includes an automatic correction for the viscosity of the sample. The apparatus is precise to within 1 × 10 −5 g·cm −3 , and the uncertainty of the measurements was estimated to be better than ±5 × 10 −5 g·cm −3 . The densimeter's calibration was performed at atmospheric pressure using doubly distilled and degassed water, specially purified benzene (CHEMIPAN, Poland 0.999) and dried air. Mixtures were prepared by weighing; the error in mole fraction being estimated as less than 5 × 10 −4 . Table 2 . The uncertainty of the excess molar volumes depend on the uncertainties of the density measurements and was assumed to be ±0.0005 cm 3 ·mol −1 . The densities of water, the ILs and their mixtures are tabulated in Tables 3, 4 , 5, 6.
Viscosity Measurements
Viscosity measurements were carried out in an Anton Paar BmbH AMVn (Graz, Austria) programmable rheometer, with a nominal uncertainty of ±0.1 % and reproducibility <0.05 % for viscosities from 0.3 mPa·s to 2500 mPa·s. Temperature was controlled internally with a precision of ±0.01 K in a range from 298.15 K to 348.15 K. The diameter of the capillary was 1.6 mm for viscosities from 0.3 to 10 mPa·s and the diameter of the ball was 1.5 mm; the second was 1.8 mm for viscosities from 2.5 to 70 mPa·s and the diameter of the ball was 1.5 mm; and the third one was 3.0 mm for viscosities from 20 to 230 mPa·s and the diameter of the ball was 2.5 mm.
DSC Measurements
Basic thermal characteristics of the ionic liquid, [BMPy] [SCN], i.e. glass transition temperature (T g,1 ) and change of heat capacity at the glass transition temperature, T g,1 ( Cp (g),1 ), of (210 ± 3) J·mol −1 ·K −1 (average over three scans).
Decomposition of the Compounds
Simultaneous TG/DTA experiments was performed using a Q600 TA Instruments. In general, runs were carried out using matched labyrinth platinic crucibles with Al 2 O 3 in the reference pan. The crucible design hampered the migration of the volatile decomposition products thereby reducing the rate of gas evolution and, in turn, increasing the contact time of the reactants. All the TG/DTA curves were obtained at 5 K·min −1 heating rate with a dynamic nitrogen atmosphere (flow rate 20 dm 3 ·h −1 ). The scanning rate was provided over the temperature range (200-770) K. The temperature control was (T ± 0.001) K. The temperature of decomposition is presented in Fig. 1S in the ESM. The decomposition is observed at temperature (546 ± 3) K.
Results and Discussion

Effect of Temperature on Density and Viscosity
The experimental data of density, ρ, and dynamic viscosity, η, versus x 1 , the mole fraction of the {IL (1) + water (2)}, at different temperatures are listed in Tables 3, 4 , 5, and 6. The densities and viscosities, as usual in such a systems, are higher for the IL than for water and decrease with an increasing amount of water. The densities of the ionic liquids at T = 318. 15 Experimental densities at ambient pressure, investigated in this work are shown in Fig. 2S a-d in the ESM. As already mentioned, the density decreases as both temperature and water concentration in the system increase. The dependency on temperature was correlated with a second-order polynomial. Fitting parameters are listed in Table 1S in the ESM for pure ILs and in Table 2S in the ESM for the mixtures with water.
The effect of temperature on viscosity is similar. Figure 3S a-d depicts the experimental dynamic viscosities for the four binary systems studied, as a function of temperature, for different compositions together with the well-known Vogel-Fulcher-Tammann, VFT equation [20] [21] [22] . This equation has been used to correlate variations of viscosity with temperature in measured systems:
The fitting parameters, determined empirically, are in general A, B and T 0 when the linear relation is observed between logarithmic value of ηT 0.5 and (T − T 0 ) −1 according to Eq. 2 with three adjustable parameters. However, for glass-forming liquids, the refined value for T 0 (called the ideal transition temperature) can be found from the glass transition temperature. The difference between T 0 and T tr(g) is approximately 50-60 K [23] . It is known that T 0 is lower than that observed from the DSC glass transition temperature. For the ILs under study, the temperature of glass transition, determined by DSC are 181. 6 One value of parameter T 0 was used for all the solutions with water for various temperatures and concentrations, because T 0 , as discussed by many authors, is of the order of about 10 K. The values of A and B together with root-mean square deviations, σ , are presented in Tables 3S and 4S in the ESM.
The VFT equation suitably correlates the viscosities of pure IL and the viscosities of the mixtures for the binary systems throughout the composition range. The parameters A and B in Eq. 2 change smoothly with composition for all systems. These parameters are strongly sensitive to the choice of T 0 .
Effect of Composition on Density and Viscosity
The densities of the IL decrease with an increase of water content. The character of the changes is presented in Fig. 1 for [BMIM] [SCN] as an example, and in Fig. 4S a-c in the ESM for the former ILs together with solid lines calculated by the polynomial. The parameters of correlation are shown in Table 5S in the ESM.
The character of the of the dynamic viscosities with composition is presented in Fig. 2  for [BMIM] [SCN] as an example and in Fig. 5S a-c in the ESM for the former ILs, together with solid lines calculated by the polynomial. The parameters of the correlations are shown in Table 6S in the ESM. The observed decrease of viscosity with an increase of water content is particularly strong at low temperatures. At higher temperatures, the differences between 
where x 1 is the mole fraction of the IL and V E m (cm 3 ·mol −1 ) is the molar excess volume. The values of the parameters (A i ) have been determined using the method of least-squares. The fitting parameters are summarized in Table 7 . The values of standard deviations for this correlation are listed in Table 7S in the ESM.
The variation of V E m with mole fraction, x 1 , as well as the Redlich-Kister fits are shown in Fig. 3 a- It is well known that at low concentrations of water and, we assume, of the IL, strong association of water or of the IL, through hydrogen bonding, is expected. From the shape of the V E m curves it can be assumed that cation/anion interactions of the IL are much weaker than hydrogen bonding in water. The negative values of V E m at the IL-rich composition range underline this conclusion.
For the given system and for chosen number of parameters A r , the partial molar volumes V E 1 and V E 2 may be calculated using Eqs. 4-6: , for dilute solutions of the ionic liquid. The positive effect of the disruption of the H-bond structure at high dilution of water, or an IL, and the negative effect in more concentrated solutions were observed as a result of partial H-bonds disruption, as was found by us previously for alcohols [12] [13] [14] .
The deviation in the viscosity, η, were obtained from the relation: where η is the absolute dynamic viscosity of the mixture, and η 1 and η 2 are the viscosities of the pure components. The values of η of the binary mixtures are presented in Tables 3, 4 , (2)} at different temperatures calculated using the Redlich-Kister equation 
The values of α are listed in Tables 3, 4 [12] [13] [14] . The values of α increases with an increase of temperature, which is typical. Additionally, the corresponding excess function was determined for all binary systems. The excess isobaric expansivity was calculated using the equation:
where ϕ id i is an ideal volume fraction given by the following relation: (10) in which V mi stands for the molar volume for a pure component i. For these calculations it was necessary to determine the temperature dependence of the Redlich-Kister parameters, ). An increasing excess isobaric expansivity with deceasing temperature is observed as is shown in Fig. 6 and their mixtures with water have been presented. S-shape deviations were observed for excess molar volumes with a maximum at water-rich composition and at high temperatures, which is mainly a result of the disruption of the hydrogen bonded associates of the water molecules. Small minima were observed in the IL-rich composition, which is the result of the interaction between the ILs and water. The deviations in the viscosity were negative for all binary systems. Any changes in the volumetric behavior of the mixtures can be related to changes in a single molecular entity, i.e., the isobaric expansivity, α, and the excess isobaric expansivity, α E , which for the ILs investigated here have maxima at the same range of composition. These properties are different from that observed earlier for the system of [BMIM] [SCN] with alcohols.
The results of the correlations with the second order polynomials, Redlich-Kister equation, and VFT equation of density, viscosity, excess molar volume, and viscosity deviation are with very low standard deviations.
